






















Experiments on Antenna Design and Electromagnetic Wave Propagation
Yuki KAWAKAMI, Yuichi TAKAKU
This study reports a new experiment, “Experiments on Antenna Design and Electromagnetic 
Wave Propagation.” Electromagnetism is an academic field that clarifies various phenomena 
associated with electrical charges, electric fields, and electromagnetic waves. These phenomena 
are invisible, which makes it difficult for students to learn this field of study only in a didactic 
manner. Based on such background, the new experiment has been set up. This study reports details 
of the proposed experiment, followed by the results of a survey conducted to figure out students' 
understanding of the experiment. 























































































































































Ȫţȫ͉ ଎ Ȫ˒ţȫ͈ ΘϋδȜσୋ͈௶೰ࠏͬဥ̞̹ાࣣ͈ࠫ
ض̜́ͥȅ̷̸͈ͦͦ௶೰ࠫضͬ๤ڛ̳ͥ͂Ȅอ༺ΑΙ
υȜσୋ͈༷̦Ȅڙഽͅచ̳ͥ౵͈་ا̦۱̥̜́ͤ͞Ȅ
ȪŢȫͺ ϋΞ΢͈ນၔ Ȫţȫˎ ਔ෨ވ૦ͺϋΞ΢
଎ˑȁڠ୆̦ୋै̱̹ͺϋΞ΢
ȪŢȫอ༺ΑΙυȜσୋ
ȪţȫΘϋδȜσୋ
଎˒ȁڠ୆̦ࢹಃ̱̹௶೰ࠏ
ȪŢȫอ༺ΑΙυȜσୋ ȪţȫΘϋδȜσୋ
଎˓ȁ༶ৣঐ࢜଻͈௶೰ࠫض
ୈഽ̩͢௶೰̧̞̭̦̥́̀ͥ͂ͩͥḙ͉̏ͦȄ଎ Ȫ˒ţȫ
ͅা̳ΘϋδȜσୋ͈௶೰ࠏ͉́ͺϋΞ΢̦߹̞̤̀ͤȄ
ĲıĲ
ͺϋΞ΢ͬٝഢ̵̯̭ͥ͂́ͺϋΞ΢ளঊۼݻၗ̦་ا
̱̱̞̥̺̀̽̀ͥͣ͂͘ࣉ̢ͣͦͥȅ਋૞ͺϋΞ΢̦਋
̫৾ͥഩႁ͉Ȅ௣૞ͺϋΞ΢͈͂ݻၗ̽̀͢ͅ་ا̳ͥȅ
̷͈̹͛Ȅঐ࢜଻ͬ௶೰̳ͥष͉ͅȄͺϋΞ΢ۼݻၗ֚ͬ
೰ͅ༗̾ຈါ̦̜ͥȅ̷̠̞̹̭̽͂ͬমஜͅࣉ̢̀ैୋ
̯̹ͦ௶೰ࠏͬဥ̞̹ΈσȜί͉ୈഽ͈̞ࠫ͢ض̦ංͣ
ͦȄ̷̠͉̞́̈́ΈσȜί͉ࢋओ͈ఱ̧̞ࠫض̹͂̈́̽ȅ
༊෨ջం଻͞ഥ௣ݻၗඅ଻̞̾̀͜ͅ൳အͅȄ̱̥̽ͤ
͂಺औ̱ͬ̀௶೰۪ޏͬࢹಃ̱̹ΈσȜί͕̞̓ࠫ͢ض
̦ං̞̹ͣͦ̀ȅ̹͘Ȅਔ༏͈ഩঽ෨௶೰̞̾̀͜ͅȄ̓
͈ਔ෨ତ͈෨̦ਔ༏ͅഥเ̱̞̀ͥخෝ଻̦̜̥ͥͬȄম
ஜͅ಺औ̱̥̀ͣ௶೰̱̹ͬΈσȜί͕̓শۼͅྫఖ̈́
̩෨ࠁͬ௶೰̧̞̹́̀ȅ
ུ৘ࡑ͉́௶೰۪ޏͬڠ୆̦̥֚ͣழ͙ၛ̭̀ͥ͂ͅ
̽̀͢Ȅఈ͈৘ࡑͤ͢͜ఉ̩͈ুဇഽͬဓ̢̹ȅ̷̠̳ͥ
̭͂́Ȅ̩͢ࣉ̢Ȅْࠗͬၛ̥࣐̀̀ͣ൲̳ͥڠ୆̷̠͂
͉̞́̈́ڠ୆͈͂ओ̦ࡐಠ࡛̹ͦͅȅমஜ̜ͤ͘ͅࣉ̴̢
۪ͅޏࢹಃ̥ͣ௶೰͒֊̹̽ڠ୆͉Ȅ̞̞௶೰ࠫض̦ංͣ
̥̹͈͈ͦ̈́̽͜Ȅडਞഎ̧͉̠̳͓̺̹͈̥̓ͥ̽ͬͅ
ࣉ̢̧̥̫̹ͥ̽͂̈́̽ȅ̽̀͢Ȅུ৘ࡑ࣐̹̭ͬ̽͂ͅ
ͤ͢Ȅഩܨঽܨڠ͈ၑٜ̦૬̺̫͉̩ͥ́̈́͘Ȅু໦́ࣉ
̢ͥႁ̦̹֗̽͂ࣉ̢ͣͦͥȅ
ˑȅͺϋΉȜΠࠫض
ུ̭ͦ́͘ͅ৘ࡑͬ၎ਘ̱̹ڠ୆͒ͺϋΉȜΠ࣐ͬ̽
̹ȅ̷ ͈ࠫضͬນˍͅা̳ȅࣜ࿒ ȶ͉ഩܨঽܨڠ͈ၑٜഽȷȄ
ȶ৘ࡑτασ͈ഐ୨̯ȷȄȶ৘ࡑ໦ၾ͈ഐ୨̯ȷȄȶܥऺ͈ঀ
̞༷͈ਠංഽȷ̜́ͥȅͺϋΉȜΠ͈ࠫضȄ൚੝͈࿒എ́
̜ͥഩܨঽܨڠ͈͒ၑٜ̦૬̹̥̠̥͉̽̓͘ో଼̧́
̞̭̦̥̀ͥ͂ͩͥȅ̹̺̱Ȅ৘ࡑ͈໦ၾ͞ܥऺ͈ঀ̞༷
̞͉̾̀ͅ๛೰എ̈́փࡉ̜̹̹̽͛͜Ȅࣽࢃ࠿൦̱̞ͬ̀
̩ຈါ̦̜ͥȅ
ুဇܱව၇͈փࡉ͉́Ȅȶু໦́৘ࡑ௡౾ͬै̹̽ͤ৘
ࡑ༹༷ͬࣉ̢̹̳͈̦ͤͥڢ̱̥̹̽ȷȶ௶೰۪ޏͬैͤ
ષ̬͈͉ͥఱ་̺̹̦̽Ȅਫ਼བ͈ࠫض̦ං̧̹͈ͣͦ͂ో
଼̦̜̥̹ۜͤ̽͢ȷ̈́̓Ȅ௶೰۪ޏͬু໦́ै̭ͥ͂ͅ
చ̳ͥ࣊೰എ̈́փࡉ̦ఉତ̜̹̽ȅ̹͘Ȅȶুै̱̹ͺϋ
Ξ΢́ഩ෨ͬ௣਋૞̧̳̭̦ͥ͂́̀ۜ൲̱̹ȷȄȶ૸͈ਔ
ͤͅഩঽ෨̦ంह̳̭ͥ͂ͬ৘̧̳̭̦̹ۜͥ͂́ȷ̈́̓
͈փࡉ̜ͤ͜Ȅഩܨঽܨڠ͞ͺϋΞ΢ͅޟྙͬ঵̠̾͢ͅ
̹̈́̽ڠ୆̞̹͜ḙ͈̏ͦͣࠫض̥ͣ͜Ȅུ৘ࡑ͉ڠ୆ͅ
͂̽̀ခփ͈̹݅̈́̈́̽͂͜ͅࣉ̢ͣͦͥȅ
˒ȅ̤ͩͤͅ
ߎ਀փেͬ঵̻̳̞͞ഩܨঽܨڠ͈ၑٜͬ૬̹͛ͥ͛Ȅ
໹଼ ĳĵාഽ̥ͣ૧̹̈́৘ࡑΞȜζȶͺϋΞ΢୭̤͍ࠗ͢
ഩঽ෨௶೰ȷͬၛ̻ષ̬̹ȅഩܨঽܨڠͅߎ਀փেͬ̾͜
ࡔ֦͈͉͌͂̾Ȅഩঽ෨̦࿒ͅࡉ̢̞̭̜̈́͂́ͥȅུ৘
ࡑ͉́ȄুैͺϋΞ΢̽̀͢ͅഩঽ෨ͬ௶೰̳̭ͥ͂́Ȅ
ഩঽ෨͈૦ͥໍ̞ͬخণا̱Ȅഩঽܨڠ͈ၑٜͬ૬̭͛ͥ
͂ͬ࿒എ̱̹͂ȅ
૧̹̈́৘ࡑΞȜζͬ൵ව̱ȄͺϋΉȜΠͬ৘ঔ̱̹̭͂
ͧȄఉ̩͈ڠ୆̦ȶၑٜ̦૬̹̽͘ȷ͂ٝ൞̱̹ȅ̹͘Ȅ
ুဇܱ੆၇́͜ఉ̩͈࣊೰എ̈́փࡉ̦̜̹̽ȅ̯ͣͅȄུ
৘ࡑ͉́௶೰۪ޏͬڠ୆̦̥֚ͣழ͙ၛ̭̀ͥ͂͂̈́̽
̞̹̀ͥ͛Ȅুဇഽ͈̞ࣞඤယ̞͂̈́̽̀ͥȅڎڠ୆̦ͺ
ͼΟͺͬ੄̱Ȅਫ਼བ͈௶೰ࠫض̦ං̠ͣͦͥ͢ͅ஻փࢥຳ
̳ͥຈါ̦̜ͤȄ৘ࡑͬ೒̱̀ഩܨঽܨڠ͈౶ে̦ංͣͦ
̺̫͉̩ͥ́̈́Ȅুဇ̈́อே̧̥̫̹ͬ֗̀ͥ̽̈́̽͜ͅ
͂ࣉ̢ͣͦͥȅ
४ȁࣉȁ໲ȁࡃ
ˍȫഩঊૂ༭ࢥڠش͈΃ς΅νρθ͈ၠͦ ĭ
ũŵŵűĻİİŸŸŸįŦŪįŧŶŬŶŪĮůŤŵįŢŤįūűİŦŪİį
ˎȫŌņŚŔŊňŉŕġŕņńŉŏŐōŐňŊņŔȄΥΛΠχȜ·ͺ΢ρͼΎȄ
ũŵŵűĻİİŸŸŸįŬŦźŴŪŨũŵįŤŰŮİūŢİűŤĮĲııııııĵĶĸĦĴłŦűŴŨĦ
ĴłűŨųİůŦŵŸŰųŬĮŢůŢŭźŻŦųİį
ນˍȁͺϋΉȜΠࠫض
ͺϋΞ΢୭̤͍ࠗ͢ഩঽ෨௶೰৘ࡑ
